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Abstract: This paper studies the fundamental features and the control mechanism of input mobilities of a 
complex ship structure by utilizing the well-established finite element analysis method. It is shown that the 
input mobility of a ship structure due to out-of-plane force and bending moment excitations at the engine 
mount locations is controlled by the bending stiffness of engine supports. The frequency averaged input 
mobility can be represented by that of the corresponding infinite beam. The input mobility due to an in-plane 
force excitation is bounded by those of the corresponding finite and infinite beams. The torsional moment 
input mobility can be predicted by the input mobility of the source engine bed section bounded by two 
consecutive ring frames attributed to the comparatively large in-plane stiffness of the ring frames. It is 
illustrated that the frequency averaged ship structural response is almost unaffected by neglecting the ship 
hull and deck plates in the analysis. 
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1. INTRODUCTION 
One important measure of a structure response to an external force is the input mobility (impedance). 
Understanding the characteristics of input mobilities of a complex structure can lead to a quick estimation of 
the power injection from a known vibrating source to the structure. Input mobilities of simple structures such 
as beams, plates and beam stiffened plates have been well documented in the literature. Pinnington and White 
(1981) studied the power transmission from a vibrating machine to a supporting beam and found that the 
frequency averaged input mobility of the supporting beam can be approximated by that of the corresponding 
infinite beam. Grice and Pinnington (2000) obtained the input impedance of an infinite beam attached to a 
plate with finite or infinite extents to a point force excitation applied to the beam. They found that the plate 
behaves as locally reacting impedance to the beam when the plate flexural wavenumber is more than twice 
the beam flexural wavenumber. It was recognized that when a beam is attached to a finite plate, the 
transmission along the beam is attenuated significantly in the narrow frequency bands in which the plate is 
anti-resonant. Nevertheless, the beam used in their analysis can not carry complex waves and the result is 
inaccurate at low frequencies due to the neglecting of near field effects at the driving location. Most recently, 
Lin and Pan (2006) used a closed form solution to study the characteristics of input mobilities of a finite rib 
stiffened plate to point force and moment excitations. They showed that the point force input mobility of a 
finite ribbed plate is bounded by those of the corresponding uncoupled plate and rib forming the ribbed plate. 
The input mobility is dominated mainly by the beam flexural stiffness when the force excitation is applied to 
the beam and it is plate stiffness controlled when the beam is more than a quarter of plate bending wavelength 
away from the force location. In contrast, the torsional moment input mobility of a ribbed plate is dominated 
mainly by the plate bending stiffness and its frequency averaged value can be represented by that of the 
corresponding infinite plate. The study of input mobilities of rib-stiffened plates has assisted the
   
 
 
 
understanding of vibration characteristics of a ribbed plate structure. However, the complexity of analysis 
increases for complex structures such as a ship structure due to the coupling of different wave types and 
multiple wave propagation paths. A detailed vibration analysis of such complex structures is difficult to 
implement without the aid of numerical tools. As a result, the well established finite element analysis (FEA) 
method is utilized in this study to investigate the input mobility of the ship hull structure of a 30m crew vessel 
at low frequencies, in the hope that the understanding of the fundamental feature of ship structural vibration 
can lead to its control. The results are compared to those of the corresponding simple structures such as finite 
and infinite beams. The inter-relationships between these input mobilities are discussed.  
A general description of the 30m crew vessel, the finite element model and the 3-dimensional mode shape 
of the well-known two-node vertical vibration mode of the ship predicted by FEA are given in Section 2. The 
general feature and the control mechanism of input mobilities of the engine room section of the ship structure 
to force and moment excitations are discussed in Section 3. Conclusions drawn from this study are given in 
Section 4.  
2. DESCRIPTION OF THE 30M CREW VESSEL AND THE 2-NODE VERTICAL 
VIBRATION MODE 
The general profile of the 30m ship used in this study is shown in Figure 1. The ship hull is equally 
divided by ring frames into thirty 1m sections. The ship hull structure is made of aluminum and is partitioned 
by watertight bulkheads into several functional areas, such as accommodation room, utility area, engine room, 
fuel tank and rudder room. The main stiffness components of the ship hull include the keel, engine beds, deck 
girders, bottom girders, pillars and ring frames. The structural arrangements of these stiffness components in 
the bottom plan of the ship are shown in Figure 2.  
 
Figure 3 shows the locations of the centre engine, two generators and the cross section shapes of Frame 
17 and the supporting structures such as engine beds. The side view of the propeller power trains and the 
structural arrangement of the shafting are shown in Figure 4. 
The geometric configuration and the contour of the ship hull structure are well defined by ring frames, 1m 
apart and interconnected by the keel and other major stiffness components, such as deck girders, bottom 
girders and engine beds. Vertical pillars are used to provide vertical support (vertical stiffness) to the ship hull 
at Frames 5, 8, 14, 18 and 20. The ring frames are meshed by plate elements in the FEA model and are 
reinforced by rider bars (meshed by beam elements) along their inner perimeter. Other major stiffness 
Figure 1: General profiles of the 30m crew vessel. 
 
Figure 2: Structural arrangement of the bottom 
plan of the crew vessel. 
 
Figure 3:  Front view of the centre engine, 
generators, engine beds and Frame 17.  
 
Figure 4: Side view of the propeller power train and 
the structure arrangement of the shafting. 
 
   
 
 
 
components of the ship hull such as keel, pillars, deck girders, bottom girders and engine beds are all meshed 
by beam elements in the FEA model. The finite element model of the 30m ship including both ship hull and 
superstructure is shown in Figure 5. 
The well known two-node vertical vibration mode {Todd (1961), Van Gunsteren(1974)} of the 30m ship 
is predicted by utilizing the normal mode analysis provided by the commercial FEA software – 
MSC/NASTRAN for both dry (in air) and wet (in water) conditions. The 3-dimensional mode shape 
distribution of the mode is shown in Figure 6. The natural frequency of the mode is predicted at slightly less 
than 13Hz for the dry ship model and is about 4Hz when the ship is submerged in water two meters above the 
baseline. The relatively high modal natural frequency for the dry ship model is attributed to the high stiffness 
of the stiffening components such as keel, engine beds, girders, and the light weight aluminum ribbed panel 
construction of the ship structure. The large decrease of the modal natural frequency in the wet ship model is 
mainly due to the “virtual mass” effect {Todd (1961), Xia et al. (2000)} when the ship is submerged in water. 
The damping of the surrounding water to the modal vibration of the ship also contributes to the decreased 
natural frequency. It is noted that the natural frequency of the wet ship mode is in the range of the natural 
frequency of such two-node vertical vibration mode predicted by other researchers. For instance, the natural 
frequencies of the 2-node vertical vibration mode of two lake bulk carriers predicted by Gunsteren (1974) by 
using modified strip theory are respectively 4.1Hz and 6.1Hz.  
A detailed analysis of the global dynamic of ship structures by FEA is straightforward. However, such 
analysis is usually very time consuming and is restricted to the low frequency analysis. To overcome such 
limitation and to increase the frequency range of analysis, only the engine room section of the 30m crew 
vessel is considered in the subsequent analysis. The full length of the keel is also included in the finite 
element model so that energy flow from the engine room section to other part of the ship structure can be 
evaluated.  
 
 
 
 
 
 
 
 
 
 
 
3. VIBRATION RESPONSE OF THE SHIP HULL STRUCTURE 
3.1 Finite element models of the engine room section of the 30m ship  
The engine room section of the ship structure is bound by two watertight bulkheads – Frames 16 and 23. 
Two finite element models are considered for this structure in the numerical simulation, one comprises both 
stiffness components and the hull and deck plates in the model (Figure 7), and the other considers only the 
major stiffness components of the engine room (Figure 8). Results obtained from these two models are 
compared so that the contribution of plate properties to the vibration propagation in the ship structure can be 
evaluated. The full length of the keel is also included in both FEA models. A uniform internal loss factor 
( 01.0=η ) is assumed for all structural components in the simulation. Furthermore, no boundary constraints 
are imposed on the FEA models. In contrast, simply supported boundary conditions are assumed for the finite 
beams in the analytical solution. Averaged stiffness and mass properties of the engine bed (a non-uniform 
beam) are used for the beams in the solution. 
Because the wavelength of structure borne sound in the low and medium frequency ranges is much 
greater than the dimensions of machine isolators and mounts, excitations from engines, generators, propellers 
and the auxiliary machinery to the supporting structures of the ship can be approximated by point sources. 
The excitation of ship structures through machine mounts can be out-of-plane force, in-plane force, torsional 
and bending moment excitations or their combinations. For example, it has been pointed out {Den Hartog 
Figure 5:  Finite element model of the 30m crew 
vessel. Isotropic view. 
x 
y 
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Figure 6:  The two-node vertical vibration mode 
of the 30m crew vessel. 
   
 
 
 
(1947), Ward et al. (1982)} that engine excitations on ship hull structures are in two forms: (a) vibrations 
transmitted to the foundation by the engine as a whole through engine isolators (point force excitation) and 
(b) torsional oscillations in the crankshaft and in the shafting of the driven machinery (moment excitation). 
The input mobility of engine supports due to each individual excitation is investigated separately in the study.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Vibration response of the engine room  
(a) Input mobility of the engine room section due to an out-of plane point force excitation 
In this simulation, a normal (out-of-plane) point force is applied at one of the mounting positions of the 
engine bed as shown in Figure 8. Input mobilities of the engine support of the two FEA models due to this 
point force excitation are calculated and shown in Figure 9 together with those of the corresponding beams of 
finite and infinite extents.  
The finite beam used in the calculation is assumed to be simply supported on both ends. The length of the 
beam ( L ) is based on the section of the engine bed where the cross sectional area is relatively uniform (3m 
long, spans from Frame 16 to 18 to accommodate the entire span of the main engine). The mean cross 
sectional area of this engine bed section is used as the cross sectional area of the simply supported beam. The 
input mobility of the finite beam is calculated from {Junger and Feit (1986)}: 
∑
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where Lρ  is the mass per unit length of the beam. 
It is shown that the frequency averaged input mobility of the engine support for both FEA models can be 
approximated by that of the corresponding infinite beam. This finding agrees well with the observation of 
Pinnington and White (1981) who studied the power transmission from a vibrating machine to a supporting 
beam. For such excitations, the in-plane stiffness of the ring frames is in the same order of magnitude scale as 
the flexural stiffness of the engine bed so that the entire engine bed (spans between Frame 16 to 23) vibrates 
Deck girders 
Keel 
Engine beds 
Ring frames 
Figure 8:  Finite element model of major stiffness 
components for half of the engine room. 
Figure 7:  Finite element model for half of the engine room 
including stiffness components and hull plates. 
   
 
 
 
as a non-uniform beam. The ring frames behave as regular stiffness and mass attachments to the flexural 
vibration of the engine bed, and provide additional damping to the long wave in the engine bed via the 
coupling to the short flexural waves of the plate elements of the ring frames. Consequently, the frequency 
averaged input mobility of the engine bed approaches that of the corresponding infinite beam. Because the 
frequency averaged input mobility of the ship structure is almost unaffected when the hull and deck plates are 
included in the structure model, it implies that the stiffness term of the input mobility of the ship structure to 
such excitations is controlled by the flexural stiffness of the engine bed. This finding is similar to the 
analytical discussion provided by Lin and Pan (2006) on characteristics of vibration response of finite ribbed 
plates. It also confirms the observation of Grice and Pinnington (2000) who showed that short waves in the 
plate mainly provide damping to the long wave propagation in the beam. Therefore, the hull and deck plates 
can be ignored to simply the analysis to estimate the (normal) point force input mobility of engine supports 
and vibration energy flow from a vibrating machinery to ship structures in practical applications.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Input mobility of the engine room section due to an in-plane force excitation 
The input mobility of the engine room section due to an in-plane force excitation is calculated by 
replacing the normal point force by an in-plane force and repeating the finite element simulation. The result is 
shown in Figure 10 together with those of the corresponding beams of finite and infinite extents, the input 
mobilities of which are given respectively by:  
∑
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where EA=Γ  and lk  are respectively the longitudinal stiffness and wavenumber. ρ
ECl =  is the quasi-
longitudinal wave speed. E  and ρ  are the Young’s modulus and mass density, and A  is the cross sectional 
area of the beam. The input mobility given by Eq. (4) is only half of that given by Cremer et al. (1988) who 
considered the in-plane force acting on one end of a semi-infinite beam.  
It was found that the in-plane force input mobility of the engine support is bounded by the input mobility 
of the corresponding infinite beam and the non-resonant response of the corresponding finite 3m beam in the 
frequency range of interest except for a few large peak responses at low frequencies. These large peak 
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Figure 9: Point force input mobilities of the engine bed 
and the corresponding finite and infinite beams. 
 
   
 
 
 
responses are attributed to the resonant responses of rigid body motions of the engine bed on the flexural 
stiffness of the ring frames (which have much smaller value compared to the large in-plane stiffness of the 
engine bed). Each peak response corresponds to a resonant response of an equivalent spring-mass system 
formed by the rigid body mass of the engine bed and the flexural stiffness of one attached ring frame. These 
peak responses are largely attenuated when the ship hull and deck plates are included in the FEA model 
resulting to the increased damping to the spring-mass systems by the plate flexural vibration.  The overall 
input mobility also shifts up and is closer to the input mobility of the corresponding infinite beam when the 
ship hull and deck plates are attached to the model attributing to the increasing damping effect by short 
flexural waves in the plates (also see discussion in the previous section).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Input mobility of the engine room section due to a torsional moment excitation 
Figure 11 shows the input mobilities of the engine room section due to a torsional moment excitation 
applied to the engine mount location together with those of the corresponding finite and infinite beams. The 
torsional input mobilities of the finite and infinite beams are given by: 
 ∑
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where T  and tk  are the beam torsional stiffness and wavenumber. R  is the warping to torsional stiffness 
ratio and pI  is the polar moment of inertia of the beam.  
It is found that the frequency averaged input mobility of the ship structure due to the torsional moment 
excitation can be estimated from the non-resonant response of the corresponding finite 1m beam. This is 
attributed to the comparatively large in-plane stiffness of the ring frames bounding the engine bed section 
under direct excitation, as compared to the much smaller torsional stiffness of the engine bed. Therefore, the 
two consecutive frames (Frame 17 and 18) bounding the source engine bed section (1m long) behave as end 
elastic boundaries to the torsional vibration of the section. Nevertheless, peak responses of the torsional 
vibration of the simple beam would not be formed and presented in the ship response due to the coupling to 
other wave types in the substructures. While local resonant responses of the plate flexural vibration of the ring 
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Figure 10:  In-plane input mobilities of the engine bed and the 
corresponding finite and infinite beams. 
   
 
 
 
frames and ship hull and deck plates are shown in the input mobility through the couplings between the 
substructures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) Input mobility of the engine room section due to a bending moment excitation 
It has been illustrated by Lin and Pan (2006) that similar to characteristics of point force input mobility, 
the stiffness term of input mobility of a rib stiffened plate due to a bending moment excitation at the rib is 
also dominated by the flexural stiffness of the rib. This is also the case for ship structures as shown in Figure 
12 where the frequency averaged input mobility of the ship structure due to a bending moment excitation 
applied to the engine bed can be approximated by that of the corresponding infinite beam in the entire 
frequency range of interest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The bending moment input mobilities of the corresponding finite and infinite beams are calculated by: 
Figure 12:  Bending moment input mobilities of the engine bed 
and the corresponding finite and infinite beams. 
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Figure 11:  Torsional moment input mobilities of the engine bed 
and the corresponding finite and infinite beams. 
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4. CONCLUSION 
The general feature and the control mechanism of input mobilities of the engine room section of a 30m crew 
vessel to point force, moment excitations applied to one of the engine mount locations are studied in this 
paper by employing the FEA method. It is shown that input mobilities of the ship structure due to point force 
and moment excitations at engine mounts are mainly controlled by the stiffness of the engine bed. The 
inclusion of the ship hull and deck plates in the ship structure model only increase the damping to the long 
wave propagation in the major stiffened beams (i.e. engine beds, keel) and has little influence on the 
frequency averaged vibration response of the ship structure, which can be predicted by those of the 
corresponding beams of finite or infinite extents. Consequently, these plate panels can be neglected in the 
analysis of ship vibration response to the machinery excitation where the energy flow from the vibrating 
machinery to the ship structure as well as the kinetic energy propagation in the ship can be estimated from the 
knowledge of simple structural elements such as engine beds and keel.  
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